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Abstract 


Protein C and antithrombin III, two natural anticoagulants, play an important 
role in the regulation of hemostatic balance. Activated protein C (APC) and 
protein S complex inactivate the activated factor Va and Villa. Moreover, excess 
protein S can drive cancer cell proliferation and cell survival through oncogenic 
receptor Axl. Antithrombin III (ATII) and thrombin form an inactive complex in 
Received : 06 September 2022 a 1:1 molar ratio. The binding of heparin to ATIII induce conformational changes 
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was used for detecting ATIII activity (ATIII:C), ATIII antigen(ATIII:Ag) was 

measured using immunoassay (EIA). Assessment of protein C and ATIII has 
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been monitoring congenital protein C deficiency and ATIII deficiency. In my 
detection of 20 liver cirrhosis, the results showed markedly decreased protein C 
antigen (PC:Ag 0.5501 vs 1.0578u/ ml) and antithrombin III] (ATIII:Ag 21.8 vs 
39.8mq/ dl, ATIII:C 40.25 vs 105.04%) respectively. The PC and ATIII assays are 
helpful to monitoring the liver disease and might play a predictable marker. 


Keywords: Protein C, Antithrombin IIl, Assay methods, Congenital deficiency, Liver 
diseases 


©2023 George Zhu. Thisis an open access articleunder the 

CC BY license (https;/ / creativecommons.org/ licenses/ by/ 4.0/ ), which permits unrestricted use, 
distribution, and reproduction in any medium, provided you give appropriate credit to the original 
author(s) and the source, providea link to the Creative Commons license, and indicateif changes weremade. 


1. Introduction 


During thepast decades a number of new anticoagulative proteins have been identified that play an important 
rolein theregulation of hemostatic balance (Stenflo, 1976). These proteins included Antithrombin III (ATIII), 
protein C and its inhibitor, protein S, and thrombomodulin. In except for ATIII, theothers form thecomponents 
of the protein C pathway. 


The CDNA codes for human protein C protein which consists of a preproleader sequence of 42 amino 
acids, alight chain region of 155 amino acids, a connecting dipeptide of lys-Arg, and aheavy chain region of 
262 amino acids (Foster and Davie, 1984; Foster et al., 1985). During intracellular processing, the preproleader 
sequence removed, protein C is secreted as a mature protein of 419 amino acids. 
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Protein C (PC), avitamin K-dependent plasma protein, and its inhibitor of activated protein C (APCI) are 
part of a major regulatory system of hemostasis. A ctivated protein C destroys theactivity of activated factor V 
and VIII. Protein Sas cofactor of activated protein C (APC) is dueto the inability of APC to prolong theA PTT 
or the Va-induced clotting timein protein S deficient plasma (Bertina et al, 1985). APC and protein Scomplex 
could inactivate factor Vaand VIIlamorerapidly under thecondition of calcium and phospholipids than did 
APC alone (Suzuki et al., 1983; Lawrence et al., 1985). Morerecent, it has been found that protein S drives 
cancer cell proliferation and cell survival via oncogenic receptor A xl (A bboud-Jarrous et al., 2017; Leeet al., 
2019; Song é& al., 2020; Nuzzo & al., 2019; Wimmel et al., 1999; Zhu et al., 2020). Aberrant activation of RTKs 
often leads to malignant transformation, whereas PI3K/ A xl is required for this oncogenic receptor signaling 
(Utermark & al., 2012). At present, the oncogenic receptors and their target antibodies (Abs) (Y ang & al., 2014) 
strategies havebeen widely extended to CD44 oncogenic receptor of Hyaluronic Acid(HA) (Hee al., 2013), 
RAGE oncogenic receptor (Radiae al., 2013; Xue€ al., 2013; Wangé al., 2015; Zhang € al., 2016), the oncogenic 
receptor platelet—derived growth factor receptor-B (PDGFRB) or PDGFRa linked to the pathogenesis of 
myeoproliferativeneoplasm or chronicleukemia (Zhu, 2017, 2018; Esposito e al., 2018),cytokinelL-3/ oncogenic 
receptor IL3R, IL-6/ IL6R- STAT3-ADAR1(P150) oncogenic transcription factors (Teoh & al., 2020), oncogenic 
IL7R (Mansour & al., 2015), IL-1T/ IL-11 gp130 receptor pro-oncogenic signaling (Zhu, 2018; Ernstet al.,2008, 
Ernst and Putoczki, 2014; Merchant, 2008) and oncogenic receptor IL17rb (Huang e& al., 2017; Poultsidi et al., 
2018). Targeting against a deregulated dominant oncogenic receptor such as the oncogenic Estrogen Receptor 
(ER) pathway (tamoxifen) (Green and Chambon, 1986; Chin et al., 2014; Singh and Kumar, 2005; Elangovan 
é al., 2011; Zinger & al., 2019; Ludwik e al., 2018; Veeraraghavan et al., 2014; Tilli et al., 2003; Davis, 2012; Yue 
et al., 2013; Hickey et al., 2021; Marx et al., 2007; Zhu, 2017, 2018), and blocking oncogenic receptor H ER3/ 
HER2 agent trastuzumab is enough to slow tumor progression (Zhu, 2017, 2018; Marx et al., 2007; De Bacco 
et al., 2004; M oody et al., 2015; del Mar Maldonadoet al., 2020; Duarte al., 2017; Jenked al., 2021; Staerk et al., 
2011; Wilmes e& al., 2020). 


In clinics, decreased plasma PC levels can predispose an individual to thrombotic disease, whereas 
decreased leve's of APCI can causehemorrhages. Patients with recurrent thromboembolic episodes of unknown 
etiology would be monitoring for the assessment of protein C deficiency. Congenital protein C deficiencies 
werereported at earliest by Griffin & al. (1981), and by Bertinae al. (1982), Broekmans & al. (1983). Hereditary 
protein S deficiency was identified in three Dutch families by Broekmans 4 al. (1983). At present, protein C 
antigen was determined by electroimmuno- assay as described elsewhere. 


Theterm “antithrombin” was first postulated by M orawitz (1905). Antithrombin III (ATIII) is an a2- 
globulin with ellipsoid form. Thesingle polypeptide chain contains 425 amino acids. H eparin belongs to 
the glycosaminoglycans (GAGs) , which are sulphated carbohydrates widely distributed in human 
(Danishefsky et al.,1978). The binding of heparin to A TIII induce conformational changes which facilitate 
the binding of thrombin. Upon the formation of astablethrombin-ATII1 complex, heparin is released and 
joins another AT molecule(Abildgaard, 1969; Rosenberg e& al., 1973; Li ¢ al., 1976; Machovich & al., 1975). 
The data suggested that lysine was required for heparin binding. Another intact serine at the activesite of 
thrombin was also essential for reaction with A TIII (A bildgaard, 1969). Thrombin and ATIII form an inactive 
complex in a1:1 molar ratio. ATIII also inactivates factor IXa, Xa, Xlaand Xllaat slow rates (Abildgaard, 
1969; Rosenberg et al., 1973). In clinical aspects, regarding the assay method for routine work, the clotting 
assays for determining ATIII activity (ATIII:C) isto be complicated. ATIII antigen (ATIII:Ag) was measured 
using immunoassays (EIA ). The method is simple, cheap and require about 20h, but cannot detect all 
congenital ATIII deficiencies. Egeberg O and Abildgaard U (Egeberg, 1965; Abildgaard, 1970) reported the 
results that mean ATIII activity (A TIII:C) wereabout half thenormal in theclassical ATIII deficiency and the 
affected family members. 


In cirrhosis of theliver, theprotein C antigen and theATIII concentration are often low, and was positively 
correlation with serum albumin levels (Zhu é& al., 2020; Griffin et al., 1982; Mannucci e al., 1982; Mannucci 
et al., 1973; Nagy et al., 1976). In biliary tract occlusion and primary biliary cirrhosis, normal PC and ATIII 
concentrations werefound. These data indicated that two natural anticoagulants (PC and ATIII) deficiencies 
occur the dysregulation of hepatic PC and ATIII synthesis, and might play a central roleas a predictor index 
in liver diseases. 
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In following Table 1, in our group, determination of protein C and antithrombin III was carried out in 20 
liver cirrhosis. Theresults showed markedly decreased protein C antigen (PC:Ag 0.5501 vs 1.0578u/ ml) and 
antithrombin III (ATIII:Ag 21.8vs 39.8mq/ dl, ATIII:C 40.25 vs 105.04%) respectively. 


Table 1: Plasma Protein C and Antithrombin II| Levels in 20 Liver Cirrhos 


Diseases No. PC:Ag(u/ml) ATII:Ag(mg/dl) ATIII:C (%) 

Liver cirrhosis 20 0.5501 +/- 0.2536" 21.80 +/- 16.99% 40.25 +/- 30.89* 
Hepatitis B liver cirrhosis 14 0.5066 +/- 0.2514" 20.84 +/- 14.93* 36.04 +/- 25.87* 
Normal control group 50 1.0578 +/- 0.1886 39.8 +/- 6.54 105.04 +/-15.81 


Note: *p <0.001. 


In recent many topics were focused on coagulation and malignancy. Some haemorrhagic and 
thromboembolic complications are frequent in patients with malignancy. A cuteleukemias varied in PC and 
ATI level (Zhu et al., 1989, 2020; Griffin et al., 1982; Mannucci e al., 1982). The decreased PC concentration 
was frequently found in individuals with M5 subtypeand hyper- leukocytic acuteleukemias. Plasma PC:Ag 
and ATIII:Ag level had no significant lower in some patients with A cute Promyelocytic Leukemia (A PL) 
complicated by DIC, which suggested the coagulopathy in APL might bedueto mechanisms different from 
other forms of DIC such as infectious disease(e.g. septic shock) (Zhu et al., 1989, 2020; Griffin et al., 1982). 
Many authors (Donati ¢ al., 1981) described that a procoagulant activity was in term of ‘cancer coagulative 
factor’, ‘cancer cell procoagulant activities’, ‘leukemic cell mediated procoagulant activities’(Zhu e al., 1989), 
‘Cancer Procoagulant A (CPA )’ which was presented in malignant cells. The most prevalences are that low 
PC and ATIII levds weredetected both in clinical infectious and experimental DIC, and theterm ‘consumption 
coagulopathy’ characterized this PC and ATIII decrease (Fourrier & al., 1992). Thus, thePC and ATIII assays 
are helpful to monitoring the disease progress and act as an important biomarker or predictable marker. 


Acknowledgment 


The protein C antigen assay was completed during the previous period of M aster degree of medicine. The 
author greatly thanks for the kind technical assistanceof my supervisor Prof. RM Bertinaand AW Broekmans, 
University Hospital Leiden, TheN etherlands. 


References 
Abboud-Jarrous, G., Burstyn-Cohen, T. & al. (2017). Protein S Drives Oral Squamous Cell Carcinoma 
Tumorigenicity Through Regulation of A xl. O ncotarget, 8(8), 13986-14002. 


Abildgaard, U. (1969). Binding of Thrombin to Antithrombin II1. Scandinavian Journal of Clinical and Laboratory 
Investigation, 24(1), 23-27. 


Abildgaard, U., Gravem, K. and Godal, H.C. (1970). Assay of Progressive Antithrombin in Plasma. Thrombosis 
et D iathesis H aemorrhagica (Stuttgart), 24(1), 224-229. 


Bertina, R.M., Broekmans, A.W., Van der Linden, I.K. & al. (1982). Protein C Deficiency ina Dutch Family with 
Thrombotic Disease. Thromb H aemost, 48(1), 1-5. 


Broekmans, A.W., Vdtkamp, JJ. and Bertina, R.M. (1983). Congenital Protein C Deficiency and Venous Thrombo- 
Embolism. A Study in Three Dutch Families. N. Engl J. M ed., 309, 340-344. 


Broekmans, A.W., Bertina, R.M., Reinalda-Poot, J. e al. (1985). Hereditary Protein S Deficiency and Venous 
Thrombo-Embolism. A Study in Three Dutch Families. Thromb H aemost, 53, 273-277. 


Bertina, R.M., Reinalda-Poot, J., Van Wijngaarden, A. e al. (1985). Determination of Plasma Protein S- The 
Protein Co-Factor of A ctivated Protein C. Thromb H aemost, 53, 268-272. 


Chin, H.M.S., Nandra, K., Clark, J.and Draviam, V.M. (2014). N eed for M ulti-Scale Systems to | dentify Spindle 
Orientation Regulators Relevant to Tissue Disorganization in Solid Cancers. Front Physiol., 5, 278, 
doi:10.3389/ fphys.2014.00278. 


George Zhu / Afr.J.Pharm.Sci. 3(1) (2023) 42-47 Page 45 of 47 


Danishefsky, |., Zweden, A. and Slomiany, B.L. (1978). Human Antithrombin |||. Carbohydrate Components 
and Associated Glycolipid. TheJournal of Biological Chemistry, 253(1), 32-37. 


Davis, V.L. (2012). Expression of aDominant N egative Estrogen Receptor Alpha Variantin Transgenic Mice 
Accelerates Uterine Cancer Induced By The Potent Estrogen Diethylstilbestrol.R eprod Toxicol, 34, 512-521. 


De Bacco, F., Fassetta, M. and Rasola, A. (2004). Receptor Tyrosine Kinases as Targets for Cancer Therapy. 
Cancer Therapy, 2, 317-328. 


del Mar Maldonado, M., Medina, J.I., Velazquez, L. and Dharmawardhane, S. (2020). Targeting Rac and 
Cdc42 GEFs in Metastatic Cancer. Front Cdl D ev Biol, 8, 201, doi:10.3389/ fcell.2020.00201. 


Donati, M.B., Poggi, A. and Semeraro, N. (1981). Coagulation and Malignancy. In Poller, L. (Ed.), Recent 
Advances in Blood Coagulation, 227-259. 


Duarte, H.O., Balmafia, M., Mereiter, S. e al. (2017). Gastric Cancer Cell Glycosylation as aM odulator of the 
ErbB2 Oncogenic Receptor. Int} M ed Sci, 18(1), 2262. 


Egeberg, O. (1965). Inherited Antithrombin Deficiency Causing Thrombophilia. Thrombosis et Diathesis 
H aemorrhagica (Stuttgart), 13, 516-530. 


Elangovan, S., Ramachandran, S., Venkatesan, N. e& al. (2011). SIRT 1is Essential for Oncogenic Signaling by 
Estrogen/ Estrogen Receptor a in Breast Cancer. Cancer Res, 71(21), 6654-64. 


Ernst, M., Najdovska, M., Grail, D. & al. (2008). STAT 3and STAT 1M ediate!L-11-Dependent and I nflammation- 
Associated Gastric Tumorigenesis in gp130 Receptor Mutant Mice} Clin Invest, 118, 1727-38, https:/ / 
doi.org/ 10.1172/ JC134944. 


Ernst, M. and Putoczki, T. (2014). Molecular Pathways: |L11as aTumor-Promoting Cytokine-Translational 
Implications for Cancers. Clin Cancer Res, 20(22), 5579-88. 


Esposito, C.L., Catuogno, S. and Condorelli, G. (2018). A ptamer Chimeras for Therapeutic Delivery: The 
Challenging Perspectives. Genes, 9, 529, doi:10.3390/ genes9110529. 


Foster, D.C., Yoshitake, S. and Davie, E.W. (1985). TheN ucleotide Sequence of the Genefor Human Protein C. 
ProcN atl Acad Sci, 82(14), 4673-4677. 


Foster, D. and Davie, E.W. (1984). Characterization of acDNA Coding for Human Protein C. Proc N atl Acad Sci, 
81(15), 4766-4770. 


Fourrier, F., Chopin, C., Goudemand, J. e& al. (1992). Seotic shock,M ultiple Organ Failure, and Disseminated 
Intravascular Coagulation. Compared Patterns of Antithrombin II|,Protein C, and Protein S Deficiencies. 
Chest, 101(3), 816-823. 


Green, S. and Chambon, P. (1986). Carcinogenesis: A Superfamily of Potentially Oncogenic Hormone Receptors. 
N ature, 324(6098), 615-17. 


Griffin, J.H., Evatt, B., Zimmerman, T.S. & al. (1981). Deficiency of Protein C in Congenital Thrombotic Disease. 
J Clin Invest, 68, 1370-1373. 


Griffin, J.H., Mosher, D.F., Zimmerman, T.S. & al. (1982). Protein C, an Antithrombotic Protein is Reduced in 
Hospitalized Patients Deficiencies of Protein C, An Inhibitor of Blood Coagulation. Blood, 60(1), 261-264. 


He, H. and Maruta, H. (2013). Oncogenicity of PAKs and Their Substrates. In Merlin-an Overview. Emery and 
Rimoin’s Principles and Practiceof M edical Genetics, 6 Edition, 266-268. 


Hickey, T.E., Dwyer, A.R. and Tilley, W.D. (2021). Arming Androgen Receptors to OpposeOncogenic Estrogen 
Receptor A ctivity in Breast Cancer. Br] Cancer, 125(12), 1599-1601. 


Huang, S.C., Wei, P.C., Hwang-verslues, W.W. é al. (2017). TGF-Beta Secreted by Tregs in Lymph Nodes 
Promotes Breast Cancer M alignancy Via Upregulation of IL-17RB.EM BO M ol M ed, 9, 1660-80. 


Jenke R., Holzhauser-Rain, M., Mueller-Wilke, S. & al. (2021). SATB1-Mediated Upregulation of the Oncogenic 
Receptor Tyrosine Kinase H er3 A ntagonizes M et Inhibition 1In Gastric Cancer Cells. Int) M ol Sci, 22(1), 82. 


George Zhu / Afr.J.Pharm.Sci. 3(1) (2023) 42-47 Page 46 of 47 


Lawrence, J.E., Batard,M.A., Berridge C.W. et al. (1985). Protein S Enhances the! nactivation of Factor VII! by 
Activated Protein C. Thromb H aemost, 54, 83(abstract). 


Lee, N.,Jang, W.J., Seo, J.H. & al. (2019). 2-Deoxy-D-glucose-induced Metabolic Alteration in Human Oral 
Sequamous SCC 15 Cells: Involvement of N-glycosylation of A xl and Met. M etabolites, 9, 188. 


Li, E.H.H., Fenton, Il J.W. and Feinman, R.D. (1976). The Role of H eparinin the Thrombin- Antithrombin II! 
Reaction. Archives of Biochemistry and Biophysics, 175, 153-159. 


Ludwik, K.A., McDonald, O.G., Brenin, D.R. & al. (2018). ERa-M ediated N uclear Sequestration of RSK2 is 
Required for ER+Breast Cancer Tumorigenesis. C ancer R és, 78(8), 2014-2025. 


Machovich, R., Blasko, G. and Palos, L.A. (1975). Action of Heparin on Thrombin-antithrombin Reaction. 
Biochemica & Biophysica A cta, 379(1), 193-200. 


Mannucci, L., Dioguardi, N., Mannucci , P.M. é& al. (1973). Value of N ormotest and Antithrombin II! in the 
Assessment of Liver Function. Scandinavian Journal of Gastroenterology & Supplement, 19, 103-107. 


Mannucci, P.M. et al. (1982). Deficiencies of Protein C, an Inhibitor of Blood Coagulation. Lancet, 2(8296), 
463-7. 


Mansour, M.R., Reed, C., Eisenberg, A.R. et al. (2015). Targeting Oncogenic!nterleukin-7 Receptor Signalling 
with Nacetylcysteine in T-cell Acute Lymphoblastic Leukaemia. Br J Haematol., 168(2), 230-238, 
doi:10.1117/ bjh.13115 


Marx, C., Yau, C., Banwalt, S. et al. (2007). Proteasome-Regulated ERBB2 and Estrogen Receptor Pathwaysin 
Breast Cancer. M olecular Pharmacology, 71(6), 1525-34. 


Merchant, J.L. (2008). What Lurks Beneath: IL-11, via Stat-3, Promotes Inflammation-A ssociated Gastric 
Tumorigenesis. } Clin Invest, 118(5), 1628-31, https:/ / doi.org/ 10.1172/ JC135344 


Moody, P., Sayers, E.J., Magnusson, J.P. et al. (2015). Receptor Crosslinking: A General Method to Trigger 
Internalization and Lysosomal Targeting of Therapeutic Receptor: Ligand Complexes. M olecular Therapy, 
23(12), 1888-98. 


Morawitz, P. (1905). Die Chemie der Blurgerinnung. Ergebnisse der Physiologie, biologischen Chemie und 
Experimentellen Pharmakologie 4, 307-422, (Berlin). 


Nagy, |., Losonczy, H. and Par A. (1976). Heparin Induced Change of Antithrombin III (AT Ill) Activity in 
ChronicActive H epatitis and Liver Cirrhosis. Proceedings, Symposis and Round Table Conferences of 
the 1oth International Congress of Gastroenterology, Budapest. 


Nuzzo, S., Catuogno, S., Capuozzo, M. et al. (2019). Axl-Targeted Delivery of the Oncosuppressor M|R-1371n 
Non-small-call Lung Cancer. M olecular Therapy:N uclaic Acids, 17, 256-263. 


Poultsidi, A., Dimopoulos, Y., He T.F. 4 al. (2018). Lymph N odeCellular Dynamics in Cancer and HIV: What 
Can WeLearn for the Follicular CDA(Tfh) cells?. Front |mmunol, 9, 2233. 


Radia, A.M.,Yaser, A.M.,Ma, X. eal. (2013). SpecificsiRNA Targeting Receptor for Advanced Glycation and 
Products (Rage) Decreases Proliferation in Human Breast Cancer Cell Lines. Int} M ol Sci, 14(4), 7959-78. 


Rosenberg, R.D. and Damus, P.S. (1973). ThePurification and Mechanism of Action of Human Antithrombin- 
heparin Cofactor. The] ournal of Biological Chemistry, 248, 6490-6505. 


Singh, R.R. and Kumar, R. (2005). Steroid Hormone Receptor Signalling in Tumorigenesis. } Cell Biochem, 
96(3), 490-505. 


Song, X.Z., Akasaka, H., Wang, H.M. e al. (2020). Hematopoietic Progenitor Kinase 1 Down-regulates the 
Oncogenic Receptor Tyrosine KinaseA xl in Pancreatic Cancer.] Biol Chem, 295(8), 2348- 2358. 


Staerk, J., Defour, J.P., Pecquet, C. et al. (2011). Orientation-Specific Signalling by Thrombopoietin Receptor 
Dimers. TheEM BO Journal, 30(21), 4398-4413. 


George Zhu / Afr.J.Pharm.Sci. 3(1) (2023) 42-47 Page 47 of 47 


Stenflo, J. (1976). A New Vitamin K-dependent Protein. Purification from Bovine Plasma and Preliminary 
Characterization. }.Biol Chen, 251(2), 355-363. 


Suzuki, K., Nishioka, J. and Hashimoto, S. (1983). Regulation of A citivated Protein C by Thrombin-M odified 
Protein S.J Biochem, 94, 699-705. 


Teoh, P.J., Chung, T.H., Chng, P. & al. (2020). |L6R-STAT3-A DAR1 (P150) Interplay Promotes Oncogenicity in 
MultipleM yeloma with 1q21 Amplification. H aematologica, 105(5), 1391-1404. 


Tilli, M.T., Frech, M.S., Steed, M.E.et al. (2003). Introduction of ERa into the tTA/ TAg Conditional Mouse 
Model Precipitates the Development of Estrogen-responsive Mammary Adenocarcinoma. Am] Pathol, 
163(5), 1713-1719. 


Utermark, T., Rao, T., Cheng, H.e al. (2012). The p110« and p1108 Isoforms of PI3K Play Divergent Rolesin 
Mammary Gland Devdopment and Tumorigenesis. Genes & D evdopment, 26(14), 1573-1586. 


Veeraraghavan, J., Tan, Y., Kim,J.A.¢& al. (2014). Recurrent ESR1-CCDC170 Rearrangements in an Aggressive 
Subset of Oestrogen Receptor-positive Breast Cancers. N at Commun, 5, 4577. 


Wang, D., Li, T., Ye, G. ¢ al. (2015). Overexpression of the Receptor for Advanced Glycation End Products 
(Rage) Is Associated With Poor Prognosis in Gastric Cancer. PloS O ne, 10(4), e€0122697. 


Wilmes, S., Hafer, M., Vuorio, J., Tucker, J.A., Winkelmann, H. e al. (2020). Mechanism of Homodimeric 
Cytokine Receptor Activation And Dysregulation By Oncogenic M utations. Science, 367(6478), 643-652. 


Wimmel, A., Rohner, |., Ramaswamy, A. & al. (1999). Synthesis and Secretion of theA nticoagulant Protein S 
and Coexpression of the Tyro3in Human Lung Carcinoma Cells. Cancer, 86, 43-9. 


Xu, X.C., Abuduhadeer, X.,Wang, Y.H. & al. (2013). Knockdown of RAGE Inhibits Growth and Invasion of 
Gastric Cancer Cells. European Journal of Histochemistry, 57, 636. 


Yang, X.M., Zhang, X.M., Fu, M.L., Weichselbaum, R.R., Gajewski, T.F. & al. (2014). Targeting the Tumor 
Micro- environment with I nterferon-b Bridges Innate and Adaptivel mmuneResponses. Cancer Call, 25, 
37-48. 

Yue, W.,Yager,J.D., Santen, R. & al. (2013). Estrogen Receptor-dependent and Independent M echanisms of 
Breast Cancer Carcinogenesis. Steroids, 78, 161-170. 


Zhang, Q., Jin, Y., Zhao, C.F. and Liu, G.Y. (2016). Receptor for Advanced Glycation End-products (RAGE) is 
Over- Expressed in Human Osteosarcoma and Promotes theProliferation of Osteosarcoma U-20S Cells 
InVitro. Genet M ol Res, 15(2), gmr.15027817. 


Zhu, G. (2017). Targeting Oncogenic Receptor: From Molecular Physiology to Currently the Standard Of 
Target Therapy. A dv Pharm], 2(1), 10-28. 


Zhu, G. (2018). Use of Traditional M edicinein Severe EdemaA melioration of Refractory Congestive H eart 
Failure- Case Report. Blood H eart Circ, 2(1), 1-2, doi: 10.15761/ BHC.1000127. 


Zhu G. (2018). EpCAM , An Old Cancer Antigen, Turned Oncogenic Receptor and its Targeting Immunotherapy. 
Univ J Pharma Res, 3(2), 41-46. 


Zhu, G. and Li, J .X. (1989). Plasma Concentration of theN atural A nti-coagulants Protein C and Antithrombin 
Il] in Leukemia. Thromb H aemost, 62, 391(XI1 ISTH meeting abstract) 


Zhu, G.,Broekmans, A.W. and Bertina, R.M. (2020). Clinical A pplication of Plasma Protein C Determination. 
Universal Journal of Pharmaceutical R esearch(U niv) Pharm Res), 5(6), 29-35. 


Zinger, L.,Merenbakh-Lamin, K., Klein, A. & al. (2019). Ligand-Binding Domain-A ctivating M utations of 
ESR1 Rewire Calular M etabolism of Breast Cancer Cells. Clin Cancer Res, 25(9), 2900-2914. 


Cite this article as: George Zhu. (2023). TheAssessment of A nticoagulative System: Two Natural Protein 
C and Antithrombin III. African Journal of Pharmaceutical Sciences, 3(1), 42-47. doi: 10.51483/ 


AFJPS.3.1.2023.42-47. 


